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(54) METHOD AND DEVICE FOR TREATING EXHAUST GAS 



(57) A process and an apparatus for treating an 
exhaust gas, in which a raw gas and high-boiling inter- 
mediate products contained in the exhaust gas let out 
from a CVD system employing a silicon-containing gas 
is brought into contact with a transition metal such as 



nickel or a silicide of such transition metals to decom- 
pose or convert them into stable halides, followed by 
det cud cation treatment of the harmful components con- 
tained in the exhaust gas 
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Description 

TECHNICAL FIELD 

[0001] The present invention relates to a process and 
an apparatus for treating an exhaust gas, more particu- 
larly to a process and an apparatus for detoxicating an 
exhaust gas let out from a chemical vapor deposition 
(CVD) system for forming silicon epitaxial films, poly- 
crystalline films or amorphous f Bms using silicon-con- 
taining gases (silane haiide gases) in a semiconductor 
manufacturing process. The silicon-containing gases 
refer to halogenosilane gases such as thchkxosilane 
(TCS: SiHCy and dichlorosilane (DCS: Si^Cy. and 
silicon haiide gases such as silicon tetrachloride. 

BACKGROUND ART 

[0002] The epitaxial (single crystal growth) process, 
which is a silicon CVD process, is employed for prepa- 
ration of substrates tor field-effect MOS (metaJ - oxide 
semiconductor transistors or for formation of emitter lay- 
ers in bipolar transistors. The epitaxial process is gener- 
ally carried out by using as a raw gas a silicon- 
containing gas such as TCS and DCS which is diluted 
with hydrogen before introduction into a process cham- 
ber and by heat-decomposing the raw gas by heating 
the substrate placed in the process chamber to about 
1 100"C to effect deposition of silicon on the substrate. 
The above process is generally carried out under a 
pressure conditions of atmospheric to 100 Pa (Pascal). 
[0003] Meanwhile, the pofycrysta) growth process is 
employed for forming gate electrodes of field effect 
MOS (metal oxide semiconductor) transistor and 
ground layers for capacitors. In the polycrystal growth 
process, a sir«on -containing gas such as TCS and DCS 
is diluted with hydrogen, and the thus diluted gas is 
introduced into a process chamber in which a substrate 
heated to about 800'C is loaded to effect heat decom- 
position of the raw gas to achieve deposition of silicon 
on the substrata This processing is usually carried out 
under a vacuum condition of about 100 Pa. 
[0004] Further, in such processes, for the purpose of 
control of moisture to be adsorbed by wafers as they are 
loaded in and out of the process chamber, a moisture 
monitor (an optica) analyzer for optical measurement; 
e.g.. Fourier Transform infrared (FT1R) spectrophotome- 
ter) is occasionally attached to an exhaust piping sys- 
tem. 

[0005] In such crystal growth process as described 
above, the amount of the raw gas which is introduced 
into the process chamber for the purpose of silicon dep- 
osition and which contributes actually to the deposition 
of silicon on the substrate is about 5%, and the most of 
the rest of the raw gas is exhausted without contribution 
together with intermedate products (about several % of 
the total amount) from the chamber. The exhaust gas let 
out from the chamber is detoxicated by a detoxicating 



unit which removes the raw gas and intermediate prod- 
ucts, and only hydrogen as the carrier gas and nitrogen 
as the purge gas are released into the atmosphere. 
[0006] In the epitaxial process, however, there is a 

5 problem that intermediate products (by-products) 
formed during the process adhere or deposit on the 
inner wall surface of the exhaust piping to be likely to 
cause dogging of the exhaust piping with the deposit 
Further, light transmitting windows of optical analyzers 

10 are tarnished with the deposit to mate it sometimes dif- 
ficult to carry out accurate measurement. Such interme- 
diate products include compounds of silicon and 
chlorine or of silicon and hydrogen, and these com- 
pounds form polymers at room temperatures on the 

15 inner wall surface of the exhaust piping. The polymers 
formed are converted to highly reactive (self ignitabie or 
explosive) materials, for example, poiysilaxanes, by the 
moisture contained in the atmosphere. Accordingly, 
when the exhaust piping is disassembled to be open to 

20 the atmosphere in order to remove the polymers depos- 
ited on the inner wall surface of the exhaust piping, var- 
ious preparations and contrivances are required, being 
causative of dropping the operation efficiency of the 
CVD system. 

26 [0007] Meanwhile, it is practiced to feed an etching 
gas such as chlorine trifluoride (CIF3) into the exhaust 
piping in order to prevent deposition of the polymers. It 
is true, however, that the intermediate products depos- 
ited on the inner wall surface of the piping can be 

30 removed according to this method, but the method 
invoh/es a problem in that the exhaust piping itserf is cor- 
roded by the strong etching property of the etching gas 
or the etching gas can even cause formation of holes in 
the piping. 

35 [0008] Further, the etching gas such as CIF 3 and the 
raw gas employed in the epitaxial process cannot usu- 
ally be treated by a single detoxicating unit, so that a 
plurality of detoxicating units must be used selectively 
depending on which gas is fed. 

40 [0009] On the other hand, there is proposed a method 
in order to prevent intermediate products from adhering 
or depositing on the exhaust piping to heat the piping 
constantly to a temperature of about 150*C According 
to this method, however, if the temperature of the piping 

46 is tow at some parts, the intermediate products deposit 
selectively to such low-temperature parts. The piping 
between the detoxicating unit and the CVD system usu- 
ally contains complicated bends from the requirement of 
reducing the installation area, and it is difficult to heat or 

50 heat-insulate the piping uniformly. Actually, mainte- 
nance of the piping has been carried out by disassem- 
bling the piping to remove the intermediate products 
deposited at the low-temperature portions. 
[0010] While a scrubber employing water is frequentry 

55 used for detcxication of TCS or DCS, solid silicon diox- 
ide (S1O2) is formed by the reaction between water and 
TCS or DCS, so that the circulation water employed in 
the scrubber is provided with means for removing Si0 2 . 
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However, since the thus removed SiOj contains hydro- 
gen, it cannot be exhausted as such. Thus, it has been 
practiced to carry out treatment of SO2 by reacting it 
with hydrogen fluoride (HF). Since these procedures 
are carried out as periodical maintenance of the detoti- 
cating unit, not only the operation rate of the CVD sys- 
tem is lowered, but also chemical agents tor removing 
the SO2 formed, personnel, etc. cost additionally. 

DISCLOSURE OF THE INVENTION 

[0011] It is an objective of the present invention to pro- 
vide a process and an apparatus for treating an exhaust 
gas, which can reduce or eliminate periocical mainte- 
nance of the exhaust piping and detaxi eating units by 
converting the raw gas employed in the crystal growth 
process or to highly volatile halidee and exhausting the 
thus obtained halides to the detoxicating unit or a recov- 
ery unit without causing adhesion or deposition of the 
intermediate products in the exhaust piping system. 
[0012] In order to attain the above objective, in the 
process for treating an exhaust gas let out from a CVD 
system for forming a silicon film using a silicon-contain- 
ing gas according to the present invention, an unre- 
acted raw gas and an intermediate product contained in 
the exhaust gas are subjected to a decomposition or 
conversion reaction treatment and then harmful com- 
ponents contained in the exhaust gas are detoxicated. 
The decomposition or conversion reaction treatment is 
carried out by bringing the exhaust gas into contact with 
a transition metal or a transition metal suicide heated to 
400°C or higher. Further, the decomposition or conver- 
sion reaction treatment is carried out after addition of 
hydrogen gas to the exhaust gas. 
[0013] The apparatus tor treating an exhaust gas let 
out from a CVD system for forming a silicon film using a 
siiicorvcontaining gas according to the present inven- 
tion is provided with decomposition reaction means for 
carrying out decomposition or conversion reaction of an 
unreacted raw gas and an intermediate product con- 
tained in the exhaust gas; detoxicating means for detox- 
icating harmful components contained in the exhaust 
gas let out from the decomposition reaction means; and 
means for heating or maintaining an exhaust gas pas- 
sage from the CVD system to the decomposition reac- 
tion means to a at a predetermined temperature. The 
exhaust gas passage is provided with hydrogen gas 
adding means for adding hydrogen gas to the exhaust 
gas. The decomposition reaction means is provided 
with a reactor packed with a transition metal or a transi- 
tion metal sriictde and means for heating the transition 
metal or transition metal suicide to a predetermined 
temperature. 

[0014] According to the present invention, since the 
unreacted raw gas and the like can be decomposed or 
converted into hydrogen chloride (HO) which can be 
treated easily, no deposit is formed on the inner wall sur- 
face of the piping, and further the periodical mainte- 



nance of removing deposit becomes unnecessary, 
improving operation rate of the CVD system. Further, 
since no SiOj is formed during the detaxication treat- 
ment the load to be applied to the unit in the detaxkat- 

5 ing treatment is reduced and the mechanism for 
removing S1O2 having been installed conventional 
becomes unnecessary, resulting in curtailment of the 
cost of the detaxication treating unit Further, cleaning 
of the exhaust piping using CiF 3 becomes unnecessary, 

,o and thus the cost required for the cleaning can be 
reduced, and also the exhaust piping can be simplified. 
In addition, no damping of light occurs when monitored 
using an optical measuring unit installed in the exhaust 
piping, so that accurate measurement can be per- 

rff formed and that mairrtenance of the optical windows in 
measuring instruments can be eliminated. 

BRIEF DESCRIPTION OF THE DRAWINGS 

20 [0015] 

Fig. 1 is a system diagram showing an embociment 
where the apparatus for treating an exhaust gas 
according to the present invention is applied to a 
26 CVD system; 

Fig. 2 is a chart showing results of gas component 
measurement in Test Example 1 ; 

so Fig. 3 is a chart showing results of gas component 
measurement in Test Example 2; 

Fig. 4 is a chart showing results of gas component 
measurement in Test Example 3; 

38 

Fig. 5 is a chart showing results of gas component 
measurement in Test Example 4; 

Fig. 6 is a chart showing results of gas component 
40 measurement in Test Example 5; and 

Fig. 7 is a chart showing results of gas component 
measurement in Test Example 6. 

48 BEST MODE FOR CARRYING OUT THE INVENTION 

[0010] Fig. 1 is a system diagram showing an embod- 
iment where the apparatus for treating an exhaust gas 
according to the present invention is applied to a CVD 

50 system. This CVD system, which is a so-called single- 
wafer-processing resistance heating , silicon epitaxial 
system, is equipped with a process chamber 12 for 
loading substrates (wafers) 11. a raw gas source 13 for 
supplying a raw gas or a cleaning gas into the chamber 

56 12. an atmospheric gas source 14 for supplying an 
atmospheric gas for maintaining a predetermined 
atmosphere in the process chamber 12, a purge gas 
source tor supplying a purge gas into the chanfcer 12, a 
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gas supplying system 16 lor controlling flow rates of 
these gases and the like, and pumps for exhausting the 
gas from the process chamber 12 (a turbo-molecular 
pump 17 and a dry pump 18). The atmospheric gas is 
the same as the carrier, gas for carrying the raw gas. 
[0017] The process chamber 12 is juxtaposed to a 
loading chamber (not shown) via a gate valve 19. The 
process chamber 12 is provided with a heating equip- 
ment (not shown) for heating a susceptor 20 for loading 
the wafer 11 and the wafer 1 1 itself to a predetermined 
temperature. 

[0018] In an exhaust system piping 21 including the 
pumps 17 and 18, a reactor 22 and a detoxicating unit 
23 are juxtaposed. The former is means for carrying out 
decomposition or conversion reaction of the unreacted 
raw gas and high-boiling intermediate products con- 
tained in the exhaust gas, and the latter is means for 
carrying out detoxicaton treatment of harmful compo- 
nents contained in the exhaust gas. 
[0019] This CVO system carries out epitaxial treat- 
ment of wafers, while the process chamber 12 is main- 
tained to have an internal pressure of 1 atm underflow 
of raw gas diluted with a diluent gas and under exhaus- 
tion. To describe, lor example, a typical sequence for 
carrying out p-type epitaxial growth, a wafer 1 1 is intro- 
duced through the gate valve 1 9 into the process cham- 
ber 12 to be loaded on the susceptor 20 under flow of a 
purge gas nitrogen at a flow rate of 2 4min. After the 
gate valve 19 is closed, the feed gas is switched from 
the nitrogen gas to hydrogen gas (atmospheric gas) of 
15 ifvrm to provide a hydrogen atmosphere in the proc- 
ess chamber 12. and also the wafer 11 is heated to 
1200*C. 

[0020] After a wafer pianarization treatment at 1200*C 
in an atmosphere of 1 atm hydrogen atmosphere for 30 
seconds, the wafer heating temperature was lowered to 
1150 °C and supply of an epitaxial reaction gas under 
the 1 atm condition was started to carry out a treatment 
for 90 seconds. As the epitaxial reaction gas, a mixed 
gas of a gas containing 15 g/min of TCS in 7 tfmin of 
hydrogen and a gas containing 150 cc/min of dfoorane 
in 14.6 4min of hydrogen is used. Incidentally, when 
DCS is used in place of TCS, DCS is suppfied at a rate 
of 10 g/min, while the wafer heating temperature is 
changed to 1080 # C. Further, when an n-type epitaxial 
growth layer is to be formed in place of p-type epitaxial 
growth layer, phosphtne is supplied in place of dtoorane 
(at the same flow rate as that of dtoorane). 
[0021] After completion of the treatment, the feed gas 
is switched from the epitaxial reaction gas to 1 0 0mm of 
nitrogen gas, and the treated wafer is unloaded. Next 
the feed gas is switched to a mixed gas of nitrogen gas 
and hydrogen chloride gas. While the mixed gas is sup- 
plied at a rate of 7 to 15 tfmin to maintain the mixed gas 
atmosphere in the processing chamber, the matters 
adhered or deposited in the process chamber are 
removed with the temperature and pressure being 
maintained at 1 150 # C and 1 atm respectively. 



[0022] Finally, the feed gas was switched again to 10 
4min of nitrogen gas, and the internal temperature of 
the process chamber is lowered to around room tem- 
perature. Thus, a cycle of treatment process is com- 

f pleted and returns to the first step of wafer loacfing. 
[Q023] According to the sequence as deserted 
above, gases of various components are exhausted 
depending on the step to the exhaust piping 21 to flow 
into the reactor 22. While the reactor 22 is to carry out 

w decomposition or conversion reaction of the unreacted 
raw gas and intermediate products contained in the 
exhaust gas and can treat them suitably depending on 
the components of the gas to be treated, it is preferred 
that the reactor 22 is packed with a transition metal cat- 

is alyst such as of iron (Fe), nickel (Ni), platinum (Pt), pal- 
ladium (Pd), titanium (Ti), tungsten (W), tantalum (Ta), 
copper (Cu) or a silicide of such transition metals and 
that the metal is heated to 400*C or higher. 
[0024] As a heating equipment 24 for heating the cat- 
so alyst any heater such as an electric heater can be 
used. The heating temperature to be provided by this 
heating equipment 24, which may depend on the sub- 
ject component or the catalyst employed, is usuafly 
400*C or higher, for example, 400 to 500*C. suitably. 

25 Meanwhile, the catalyst can be heated to the critical 
temperature which depends on the material constituting 
the reactor 22, heat resistance of the catalyst etc Hew- 
ever, there is obtained small effect of improving treating 
efficiency even if the catalyst is heated to such high tem- 

30 peratures unnecessarily, leading merely to loss of 
energy. Meanwhile, some catalysts can cause dissocia- 
tion of HCI formed to generate active hydrogen radical 
and accelerate embrittlement of the material constitut- 
ing the reactor 22, when they are heated to 500*C or 

$6 higher. 

[0025] Further, in view of maintenance (replacement 
or activation of catalysts) etc. of the reactor 22, it is 
desirable to instal a plurality of reactors 22 in parallel 
and to be used swrtchabty. It is also preferred that the 
40 discharge piping up to the reactor 22, i.e. an exhaust 
gas passage 25 from the outlet of the process chamber 
12 and through the pumps 17 and 18 to the reactor 22, 
is provided with a heating equipment 26 and the ike and 
is heated to a suitable temperature, for example about 
46 1 50*C so as to prevent deposition from occurring in the 
passage. However, since the gas temperature in the 
process chamber 12 is high, the passage 25 need not 
be wound with a high-capacity heater, but it is some- 
times good enough to wind the passage 25 with a heat- 
so insulating material and keep the temperature of the pa*- 
sage 25 by it Accordingly, a suitable heating or heat- 
insulating equipment may be used depending on the 
length, material, etc. of the exhaust gas passage, and 
such equipment can be omitted in the case where the 
56 exhaust gas passage is short to allow flowing of a gas 
having a sufficient temperature into the reactor 22 
[0026] When an exhaust gas from a CVD system is 
introduced to the reactor 22 having such constitution. 
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TCS. DCS and by-products (Si^Qy) QflLSfi are reacted 
to be decomposed or converted to other substances. 
The greatest part of chlorine (CI) is converted to HQ, 
whereas Si is bonded to the transition metal catalyst or 
forms a highly volatfe haiide, such as silicon tetrachlo- 
ride (S1CI4). Likewise, boron (B) and phosphorus (P) in 
dtoorane and phosphine are removed by bonding to the 
catalyst 

[0027] While hydrogen is necessary in such reactions, 
there is no inconvenience for the reactions to take place, 
since TCS and DCS per se contain hydrogen and since 
hydrogen is used as the atmospheric gas or diluent gas 
in the usual epitaxial treatments, facilitating decomposi- 
tion into HQ. However, in the cases where there is a 
lack of hydrogen in the exhaust gas, for example, when 
plasma is used for assisting the growth reaction, a 
hydrogen gas adding equipment (passage) 27 may be 
attached to an exhaust gas passage 10a on the 
upstream side of the reactor 22 to supply an adequate 
amount of hydrogen to it Particularly, decomposition or 
conversion of SiQ 4 formed can fully be carried out by 
maintaining the amount of hydrogen suitably, allowing 
only HQ, which can be treated extremely easily, to be 
contained as the toxic component in the gas flowing out 
of the reactor 22. Further, simijar effects can be exhb- 
ited even when the reactor 22 is interposed between the 
process chamber 12 arid the pump 17, or between the 
pump 17 and the pump 18. 

[0028] As described above, since the decomposition 
or conversion reaction of the unreacted raw gas and by* 
products contained in the exhaust gas carried out in the 
reactor 22 eliminates presence of TCS, DCS, by-prod- 
ucts, etc. on the downstream side infra of the reactor 22, 
there occurs neither adhesion nor deposition of such 
gas components as far as the detcoocating unit 23, and 
HQ and Si0 4 formed in the reactor 22 can easily be 
removed from the exhaust gas by absorption in water in 
the detoxtcating unit 23. Further, HQ can be recovered 
by adding an HQ recovering function to the detoxicating 
unit 23 to reutilize it in the step of removing the matters 
adhering or deposited in the process chamber and the 
lika 

Test Example 1 

[0029] In a system of the constitution as illustrated in 
Fig. 1 , an FT1R was attached to the downstream side of 
the reactor 22 packed with a nickel catalyst and compo- 
nents of the gas flowing out of the reactor 22 were ana- 
lyzed. While fflm-forming treatment was carried out 
under feeding of a sample nitrogen gas containing 2300 
ppm of TCS to the CVO system, the heating tempera- 
ture of the reactor was elevated with time to measure 
changes in the components in the gas flowing out of the 
reactor. The results are shewn in Fig. 2. 
[0030] As is dear from Figure 2, TCS was decom- 
posed completely at 400*C to form HQ and S*Q 4 . 
Meanwhile, no by-product (SiQ^ having low volatility 
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and high reactivity was detected. 

Test Example 2 

5 [0031] In the system as shown in Fig. 1, the proce- 
dures of Test Example 1 were repeated analogously, 
except that the sample gas was replaced by a nitrogen 
gas containing 2000 ppm of DCS. Consequently, DCS 
was decomposed fully at about 150*C and TCS formed 

10 from DCS was also decomposed at about 360*C, as 
shown in Fig. 3. What were detected at 400*C were HQ 
and S*Q 4 . Here again, no by-product was detected. 

Test Example 3 

16 

[0032] In the system as shown in Fig. 1, the proce- 
dures of Test Example 1 were repeated analogously, 
except that hydrogen gas was added to the sample gas 
used in Test Example 1 . The results are shown in Rg. 4. 
20 It can be understood from the results that TCS decom- 
poses fully at about 350*C and that SiQ 4 also decom- 
poses at about 400«C to form HQ only. Here again, no 
by-product was detected. 

a Test Example 4 

[0033] In the system as shown in Rg. 1, the proce- 
dures of Test Example 2 were repeated analogously, 
except that hydrogen gas was added to the sample gas 

30 used in Test Example 2. Consequently, as shown in Rg. 
5, it can be understood that DCS decomposes fully at 
about 150*C and TCS formed from DCS decomposes 
at about 360 # C that SiQ 4 formed also decomposes at 
about 400*C. and that what is formed finally as a resi- 

36 due is HQ only. Here again, no by-product was 

Test Example 5 

40 [0034] In the system as shown in Rg. 1, the proce- 
dures of Test Example 3 were repeated analogously, 
except that the nickel packed into the reactor 22 was 
replaced with nickel silkada Consequently, TCS and 
SiQ 4 were decomposed fully at about 350'C to form 

46 HQ only, as shown In Rg. 6. Here again, no by-product 
was detected. 

Test Example 6 

50 [0035] In the system as shown in Rg. 1, the proce- 
dures of Test Example 1 were repeated analogously, 
except that an argon gas containing 250 ppm of TCS 
was supplied to the reactor 22 packed with an iron cata- 
lyst It should be noted here that the upper limit temper- 

66 ature of the reactor was 600*C. The results are as 
shown in Rg. 7. As shown dearly in Rg. 7, TCS started 
decomposing from at about 300*C and decomposed 
fully at about 500*C. No DCS was formed, and only HQ 
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was detected 

[003$] In each of the above test example* the amount 
of light transmitted through the light transmission win- 
dow of the FT1R unit was measured, and there was 
observed no drop in the amount of light transmission at s 
al. 

Claims 



ing to Claim 5 or 6, wherein the decompo si tion 
reaction means is provided with a reactor packed 
with a transition metal or a transition metal siOckte 
and means for heating the transition metai or transi- 
tion metal suicide to a predetermined temperature. 



1. A process for treating an exhaust gas let out from a io 
CVD system for forming a silicon fim using a sili- 
con-containing gas, the process comprising: 



subjecting an unreacted raw gas and an inter- 
mediate product contained in the exhaust gas is 
to a decomposition or conversion reaction 
treatment: and 

detoobcating harmful components contained in 
the exhaust gas. 

20 

2. The process for treating an exhaust gas according 
to Claim 1, wherein the decomposition or conver- 
sion reaction treatment is carried out by bringing 
the exhaust gas into contact with a heated transi- 
tion metal or a transition metal silkade. » 

3. The process for treating an exhaust gas according 
to Claim 2. wherein the transition metal or a transi- 
tion metal silickJe is heated to 400'C or higher. 

30 

4. The process for treating an exhaust gas according 
to any of Claims 1 to 3, wherein the decomposition 
or conversion reaction treatment is carried out after 
addition of hydrogen gas to the exhaust gas. 

38 

5. An apparatus for treating an exhaust gas let out 
from a CVD system for forming a silicon film using a 
silicon-containing gas, the apparatus comprising: 



decomposition reaction means for carrying out *o 
decomposition or conversion reaction of an 
unreacted raw gas and an intermediate product 
contained in the exhaust gas; 
detoxicating means for detoxicating harmful 
components contained in the exhaust gas let 45 
out from the decomposition reaction means; 
and 

means for heating or maintaining an exhaust 
gas passage from the CVD system to the 
decomposition reaction means to or at a prede- so 
ter mined temperature. 

6. The apparatus for treating an exhaust gas accord- 
ing to Claim 5. wherein the exhaust gas passage is 
provided with hydrogen gas adding means for add- 50 
ing hydrogen gas to the exhaust gas. 

7. The apparatus for treating an exhaust gas accord- 
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